The significance of Her2 on androgen receptor protein stability in the transition of androgen requirement in prostate cancer cells androgen independent; LNCaPdcc PROSTATE CANCER IS AN AGE-RELATED CARCINOMA and the most commonly diagnosed malignancy among men (28) . Although prostate-specific antigen (PSA), a biomarker of hypertrophy in the prostate gland, helps to identify prostate cancer in the early stages, the disease still has a high mortality rate. Traditionally, gonadectomy is the main therapeutic procedure for androgendependent prostate cancer. Once the cancer escapes from androgen dependence and becomes androgen independent, radio-or chemotherapies are subsequently applied. Unfortunately, the treatment of hormone-refractory prostate cancer at this stage is often ineffective, and the mechanisms of prostate cancer progression in this stage remain to be elucidated. Therefore, it is imperative to understand the androgen requirement transition and to develop strategies for prolonging the survival of patients with recurrent and hormone-refractory prostate cancer.
The androgen receptor (AR), a member of the steroid receptor family, plays a decisive role in the development of the prostate gland and in the pathogenesis and progression of prostate cancer. AR binds to androgen response elements (AREs), thereby mediating androgen-regulated gene expression (12) . A growing number of clinical investigations show amplifications of AR and AR-regulated genes in hormonerefractory prostate cancer, which suggests that the AR signaling pathway is still activated and important in limiting androgen concentrations (14) . Previous research indicates that elevated AR expression levels correlate to anti-androgen therapy resistance (3) . The cross-talk between receptor tyrosine kinases with their cognate ligands and AR signaling in the transition of hormone requirement of prostate cancer has also been addressed (6, 11, 29) . Additionally, Her2/ErbB3 signals have been suggested to stabilize AR proteins and to increase the interaction of AR to promoter/enhancer regions of the AR-regulated gene in androgen-dependent prostate cancer cells (25) .
Here, we established an androgen-independent prostate cancer cell line, LNCaPdcc, by incubating LNCaP cells in androgen-deprived conditions. We tried to take advantage of this cell modeling strategy to determine how prostate cancer cells maintain AR protein levels and activation in an androgen-free environment. Indeed, we observed several characteristics that markedly changed after androgen deprivation. Importantly, our data showed that LNCaPdcc cells were more sensitive to Her2 inhibition with the increase of AR degradation than parental LNCaP cells. These findings suggest that Her2 activation might play an important role in AR protein stability in prostate cancer cells that had adapted to androgen deprivation. Cell culture. Human prostate carcinoma cell line derived from the lymph node carcinoma of the prostate [LNCaP clone FGC (fast growing colony), BCRC 60088] (13) was purchased from the Food Industry Research and Development Institute, Taiwan. LNCaP cells were maintained in complete medium: phenol red-positive RPMI-1640 culture medium (Gibco, Carlsbad, CA) supplemented with 1.5 g/l sodium bicarbonate (NaHCO 3; Sigma), 10% fetal bovine serum (FBS; Gibco), and penicillin-streptomycin (P/S) (100 IU/ml and 100 g/ml, respectively) (Gibco). Cells were cultured at 37°C in a humidified atmosphere with 5% CO 2 (20) . Cells were routinely passaged by trypsin-EDTA (0.05 and 0.02%, respectively; Gibco) twice/wk at a ratio of 1:3. LNCaPdcc cells, a subline derived from the LNCaP cells, were designed to be an in vitro model for investigating the progression of androgen-independent prostate cancer (7). LNCaPdcc cells were established by growing LNCaP cells in long-term androgen-ablated conditions over 14 passages. To deprive cells of steroid hormones, FBS was incubated with dextran-coated charcoal (dcc; Sigma) by rotating at a low speed at 4°C for 12-16 h. The charcoal-FBS mixture was then centrifuged twice at 500 g for 10 min. Then, the supernatant was stored at Ϫ20°C until use. LNCaPdcc cells were grown in phenol red-free RPMI-1640 medium (Sigma) plus 10% dcc-stripped FBS, 1.5 g/l NaHCO3, and P/S (100 IU/ml, 100 g/ml) at 37°C in a humidified atmosphere at 5% CO2. Cells were split once/wk at a ratio of 1:2. All experiments on LNCaPdcc were performed between passages 25 and 55.
MATERIALS AND METHODS

Materials
Cell viability assay. The modified colorimetric 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay was manipulated to quantify the viability of LNCaP and LNCaPdcc cancer cells. Yellow MTT compound (Sigma) is converted by living cells into blue formazan, which is soluble in isopropanol. The intensity of blue staining in the culture medium is proportional to the number of living cells and is measured with an optical density reader (Athos-2001) at 570 nm (background, 620 nm) (1, 20, 21) .
Immunoblotting and fractionation analyses. Cell lysates were obtained in lysis buffer [50 mM Tris · HCl (pH 8.0), 0.5% Nonidet P-40 (NP-40), 150 mM NaCl, 5 mM EDTA, 1 mM phenylmethylsulfonyl fluoride (PMSF), 2 mM sodium orthovanadate (Na3VO4), and protease inhibitor cocktail (Roche Applied Science)]. Lysates were then analyzed for immunoblotting using methods modified from those described previously (1, 20, 21) . To isolate subcellular proteins, cells were collected and washed in PBS-Na3VO4. Pelleted cells were resuspended in hypotonic buffer [10 mM HEPES (pH 7.9), 10 mM KCl, 0.1 mM EDTA, 0.1 mM EGTA, 0.5% NP-40, 1 mM PMSF, 2 mM Na3VO4, and protease inhibitor cocktail]. Nuclei were pelleted, and the supernatant was harvested as the cytosolic fraction. The nuclear pellet was washed three times with hypotonic buffer before lysing in nuclear extraction buffer [20 mM HEPES (pH 7.9), 0.4 M NaCl, 1 mM EDTA, 1 M EGTA, 20% glycerol, 1 mM PMSF, 2 mM Na3VO4, and protease inhibitor cocktail] in a procedure modified from those described previously (1, 20, 21) . Protein samples were analyzed by direct immunoblotting (25-35 g/lane). Enhanced chemiluminescence detection reagent (PerkinElmer Life Science) was used to visualize the immunoreactive proteins on membranes (polyvinylidene difluoride; PerkinElmer Life Science) after transfer using a Trans-Blot SD (Bio-Rad, Berkeley, CA). The quantification software was MCID Image Analysis Evaluation.
Trypan blue assay. LNCaP and LNCaPdcc cells were seeded in a 24-well plate in complete culture medium. Cells were trypsinized, stained with 0.2% trypan blue (Sigma), and counted by hemocytometer to distinguish the live and dead cells.
Analysis of cell cycle distribution. Propidium iodide staining was used for DNA content measurement. Cancer cells, which were trypsinized and fixed in 70% ethanol, were washed once with PBS and treated with RNase A for 30 min, followed by staining with propidium iodide (0.1% sodium citrate, 0.1% Triton X-100, and 20 l/ml propidium iodide). DNA content was measured using flow cytometry (FACS Calibur). The percentage of cells in each phase of the cell cycle was analyzed by the software Cell Quest (2a).
Statistics. All values are given as means Ϯ SE. The Student t-test was used to compare the quantified cell proliferation and blotting results. A difference between two means was considered statistically significant when P Ͻ 0.05 (16a).
RESULTS
Comparisons of characteristics of LNCaPdcc vs. parental LNCaP cells.
The LNCaPdcc cells displayed dendritic-like morphology and neuroendocrine differentiation compared with parental LNCaP cells (Fig. 1A ). In addition, the growth curves of the two cell lines were determined by cell counting (Fig.  1B) . The comparison of doubling time (Fig. 1B, inset) showed that LNCaPdcc cells grew much slower than parental LNCaP cells. Using flow cytometry, the differences of cell cycle distribution between parental LNCaP and LNCaPdcc cells were identified. The data showed that the S phase distribution of LNCaPdcc cells was markedly higher than that of parental LNCaP cells, although the G1 and G2/M phase distributions of two cell lines were similar ( Fig. 2A) . Therefore, it is interesting to understand the levels of cell cycle-related proteins expressed in the two cell lines. The results revealed that the protein levels of Cdk1, cyclin A, cyclin B1, and cyclin D1 were all lower in LNCaPdcc cells (Fig. 2B) , which might explain why LNCaPdcc cells grew slowly.
AR-related features in two cell lines. Compared with parental LNCaP cells, LNCaPdcc cells expressed higher protein levels of phospho-Ser 81 -AR, AR, and PSA (AR-regulated gene; Fig. 3A ). In addition, protein fractionation was utilized to investigate the subcellular distribution of AR proteins. Notably, compared with parental LNCaP cells, LNCaPdcc cells contained higher levels of nuclear AR protein (Fig. 3B) , indicating that ARs in LNCaPdcc cells are still activated even in the absence of androgen. Then, cycloheximide (CHX) was used to block protein synthesis, and the degradation of existing proteins was monitored. The result exhibited that AR proteins in LNCaPdcc cells were more stable than those in parental LNCaP cells (Fig. 3C) . The individual control value of each cell line was 100%. The quantitative results from triplicate independent experiments were used to assess the mean percentages of AR protein degradation compared with controls. After a 6-h treatment with CHX, the AR degradation percentage of parental LNCaP (quantitative ratio) was 27%, which was significantly higher than 11% of LNCaPdcc cells (Fig.  3D) . Subsequently, the cell proliferation in response to androgen treatment was investigated using the MTT assay. Parental LNCaP cell proliferation was sensitive to synthetic androgen R1881 under steroid-deprived conditions, especially at limiting concentrations (0.1 and 1 nM). However, the proliferation of LNCaPdcc cells was inhibited at low concentrations (Fig. 4) .
The result illustrates that the proliferation of LNCaPdcc cells is androgen independent.
Her2-related features in two cell lines. According to previous research, there is a correlation between AR and Her2 signals in androgen-dependent prostate cancer cells (25) . Therefore, the protein expression of Her2 and its activation partners ErbB3 and ErbB4 in the two cell lines was investigated. The data showed that LNCaPdcc cells expressed higher levels of phospho-Tyr 1221/1222 -Her2, Her2, ErbB3, and ErbB4 (Fig. 5A ). Because Her2 activation was correlated to its phosphorylation status, the quantitative ratio of p-Tyr 1221/1222 -Her2/ Her2 shown in Supplemental Fig. S1 (Supplemental Material for this article can be found online at the AJP-Endocrinology and Metabolism website) implies that Her2 is more active in LNCaPdcc cells than in parental LNCaP cells. In addition, both parental LNCaP and LNCaPdcc cells were treated with 10 ng/ml heregulin ␤1 (HRG␤1; ligand of Her2/ErbB3 and Her2/ ErbB4) in a time course manner. HRG␤1-induced Her2 activation in parental LNCaP cells was detected 1 h after treatment and then quickly dropped; however, activation in LNCaPdcc cells was delayed (Fig. 5B) . These data suggest that the kinetics of Her2 activation is different in the two cell lines. To understand the physiological functions of Her2 in different cell lines, the effects of Her2 inhibitors on the proliferation of the two cell lines were evaluated using the MTT assay. AG825 and Herceptin (monoclonal antibody of Her2 for clinical use) were used to treat both cell lines. Parental LNCaP cell proliferation was low in response to both Her2 inhibitors, whereas LNCaPdcc cell proliferation declined significantly in response to Her2 inhibition (Fig. 5C ). These findings may be due to the high levels of Her2 in LNCaPdcc cells. Accordingly, Her2 levels in LNCaPdcc cells could more strongly affect LNCaPdcc proliferation compared with parental LNCaP cells.
AR stability in LNCaPdcc cells depends on high Her2 activation. AR is a protein with a short half-life that tends to be degraded through the ubiquitin-proteasome pathway (30) . It has been reported that AR proteins can be stabilized by Her2/ErbB3 activation (25) . In addition, our data indicated that AR protein levels correlated to Her2 activation in both cell lines (data not shown). To determine whether Her2 is involved in the increased AR stability associated with the transition to androgen independence of prostate cancer (Fig. 3C ), Her2 inhibition (by AG825) was performed and the AR stability of the two cell lines monitored. The results showed that Her2 (Fig. 6, A and B) , although the initial level of AR protein in LNCaPdcc cells was still higher than in parental LNCaP cells (time ϭ 0; Fig. 6A) . After a 9-h treatment with CHX, the AR degradation percentage of LNCaPdcc (quantitative ratio) was 70%, which is significantly higher than 50%, as observed in parental LNCaP cells (Fig. 6B) . Furthermore, Ser 81 phosphorylation of AR has been reported to be responsible for receptor stability (23) . Corresponding to previous research (25), Her2 inhibitor effectively reduced AR Ser 81 phosphorylation in both cell lines (Fig. 6C) . Notably, LNCaPdcc cells were more sensitive to AG825 treatment on the inhibition of AR Ser 81 phosphorylation (40% inhibition in LNCaPdcc cells vs. 20% inhibition in parental LNCaP cells). Taken together, higher Her2 activation may play an important role in AR protein stability through phosphorylation of Ser 81 in LNCaPdcc cells.
DISCUSSION
Prostate carcinoma is a leading cause of death in males. Because the prostate is an androgen-dependent gland, androgen ablation therapy is the most frequent strategy used to suppress prostate tumor pathogenesis. Nevertheless, cancer cells eventually escape androgen dependence and progress to an androgen-independent phenotype. The treatment for hormone-refractory prostate cancer remains clinically challenging. As prostate cancer progresses, the AR emerges as an important prognostic determinant. AR controls cell cycle, cell proliferation, inhibition of apoptosis, regulation of angiogenic growth factors, and stimulation of cellular migration (5). To investigate the mechanisms of AR modulation in therapy-resistant prostate cancer progression following androgen withdrawal, We established a novel androgen-independent prostate cancer subline, LNCaPdcc, which approximates the situation in patients with hormone-refractory prostate carcinoma.
Initially, LNCaPdcc cells revealed a dendritic-like morphology (Fig. 1A) and a lower growth rate (Fig. 1B) , indicating the adaptation of LNCaPdcc cells to androgenfree conditions. Notably, AR proteins of LNCaPdcc cells were more active in the absence of androgen, as evidenced by higher levels of AR Ser 81 phosphorylation, PSA proteins (Fig. 3A) , and nuclear AR proteins (Fig. 3B) in LNCaPdcc cells. These findings may be due to the excessive recruitment of coactivators (10) or cross-talk between several polypeptide growth factors and cognate receptors (24, 31) in the androgen requirement transition of prostate cancer. Additionally, cyclin D1 was reported to interact predominantly with the NH 2 -terminal domain of AR, and this interaction depends on the presence of the AR 23 FxxLF 27 motif, which is also important for interaction between the NH 2 and COOH termini of AR. Through this motif, cyclin D1 protein prevents the interaction between the two termini of AR, consequently inhibiting AR activity (2) . Our data revealed that cyclin D1 proteins dramatically declined in LNCaPdcc cells (Fig. 2B) , illustrating that the decrease in cyclin D1 levels might help to increase AR activation. In addition, we found that parental LNCaP and LNCaPdcc cells displayed altered proliferation indices in response to androgen stimulation (Fig. 4) . LNCaPdcc (characterized by us), LNCaP-abl [generated by Culig et al. , which results in Cdk2 inhibition and cell cycle arrest (16) . Thus, parental LNCaP and LNCaPdcc cells showed a biphasic proliferative response to androgen (Fig. 4) . In addition, it has been reported that the AR in LNCaP cell line is a T877A mutant that can be activated not only by androgens but also by nonandrogenic steroid hormones and antiandrogens (35) . Our unpublished data showed that parental LNCaP cell proliferation was stimulated significantly by estradiol benzoate (EB; synthetic estrogen) in a dose-dependent manner, but LNCaPdcc cells were insensitive to EB.
According to previous studies, AR is a short half-life protein in the absence of androgen (10) and tends to be degraded through the ubiquitin-proteasome pathway (30) . Ubiquitin-proteasome degradation is important during transcriptional regulation (22) , and the ubiquitin-ligase E6-associated protein may be a cofactor for steroid receptors (26) . Therefore, it is of interest to investigate what delays AR degradation in LNCaPdcc cells (Fig. 3, C and D) . In addition to ligand-dependent regulation, posttranslational modification of AR has also been discussed extensively (8) . The existence of AR Ser 81 phosphorylation is correlated to AR protein stability (23) . On the other hand, the Her2-ErbB3 axis has been reported to provide signals to AR, which protects AR protein stability (25) . This research also demonstrates that the androgen-induced Ser 81 phosphorylation of AR is declined by a small molecule Her2 inhibitor, PKI-166 (25) . Additionally, our findings indicated that AR protein levels seem to be positively regulated by Her2 activity but not by epidermal growth factor receptor activation (data not shown). These results suggest the existence of a specific and enhanced regulation between Her2 activation and AR stability in LNCaPdcc cells. Our findings also indicated that AR Ser 81 phosphorylation was inhibited by Her2 inhibitors (Fig. 6C) , suggesting that the AR Ser 81 site A: immunoblotting was performed, and specific antibodies were utilized to investigate the levels of protein expression and phosphorylation in LNCaP and LNCaPdcc cells. B: heregulin ␤1 (HRG␤1) was used to treat both cell lines at the concentration of 10 ng/ml in a time course manner (0, 1, 12, and 24 h) under serum-free conditions. Immunoblotting was performed, and specific antibodies were utilized to investigate the levels of phosphorylation and protein expression. C: the cells were seeded separately in 96-well plates, as described in Fig. 4 . After cells attached, AG825 (25 M) and Herceptin (20 ng/ml) were added in respective complete medium. Cell proliferation was analyzed using the MTT assay (n ϭ 8). Control values of cell proliferation were set at 100%. The error bars represent means Ϯ SE. **P Ͻ 0.01 vs. control group of LNCaPdcc cells. is a downstream substrate of the Her2 pathway. In regard to Her2 downstream serine-threonine kinases, it has been reported that Akt/protein kinase B is not the kinase that phosphorylates AR Ser 81 site due to the analysis of phosphorylation consensus sequence sites (25) . Although the Ser 81 site occurs in the consensus sequence of protein kinase C (PKC), PKC inhibitors fail to reduce AR Ser 81 phosphorylation (9) . Several kinases are predicted candidates for phosphorylating the AR Ser 81 site, such as Cdk1, Cdk5 (4), and Erk (33) . However, Cdk1 activation is inhibited by Her2 via phosphorylation of the Tyr 15 site (34) . Moreover, Cdk1 proteins diminished in our LNCaPdcc cells (Fig. 2B) , illustrating that the increasing levels of Her2-dependent AR Ser 81 phosphorylation might be irrelevant to Cdk1 activity. In contrast, we have reported that Cdk5 activity is elevated by Her2 activation through Tyr 15 phosphorylation in thyroid cancer cells (18) . In addition, we found that Cdk5 is also reported to modulate androgen production (19) and cell fate of prostate cancer (17, 20) . With regard to Erk, we found that both phospho-Erk1/2 and Erk1 levels increased in LNCaPdcc cells compared with parental LNCaP cells (Supplemental Fig. S2 ). The specific kinases that are regulated by Her2 and are responsible for AR Ser 81 phosphorylation need to be investigated further.
According to the results in Fig. 3 , LNCaPdcc cells displayed higher levels of AR Ser 81 phosphorylation and longer halflives of AR proteins in an androgen-stripped environment. Coincidentally, LNCaPdcc cells expressed higher levels of phospho-Her2 and Her2 proteins (Fig. 5A) . Using Her2 inhibitors, Her2 in LNCaPdcc cells was more sensitive to its inhibitors and resulted in drops of either AR Ser 81 phosphorylation or AR protein stability (Fig. 6) . Notably, comparing the quantification ratio after a 9-h treatment of CHX, as seen in Figs. 3C and 6A, the relative AR levels of LNCaPdcc cells were obviously lower after Her2 inhibition (1.28 vs. 0.31), whereas the relative AR levels of parental LNCaP cells were similar (0.69 vs. 0.68). These results suggest that Her2 not only plays a role as a growth factor receptor but also protects AR protein stability through Ser 81 phosphorylation in LNCaPdcc cells after cells escape androgen requirement.
In conclusion, we used a newly established prostate cancer cell subline, LNCaPdcc, to elucidate different characteristics and protein expression patterns compared with parental LNCaP cells with androgen-independent features. We first found that, in LNCaPdcc cells, Her2 activation becomes more important to protect AR protein stability through Ser 81 phosphorylation and thus modulates cell proliferation. Based on previous studies indicating Her2 protein overexpression and/or gene amplification in prostate cancer patients, especially in the androgen-independent phase of the disease (27, 32) , we used Her2 modulation in our androgen-independent tumor model to demonstrate the significance of Her2 on AR protein stability in prostate cancer cells after androgen withdrawal. We hope our findings will be helpful in understanding the transition to androgen independence. Furthermore, we also propose that the Her2-AR axis could become a diagnostic and therapeutic target in hormone therapy-resistant prostate cancer in the near future.
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